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@ A regulator arrangement for a servo system.

&) A regulator arrangement (14) for a servo system
(10) having a first stage piston (44) for developing a
primary operational fluid (P;) and a second stage
piston (70) for developing secondary operational flu-

id Pg having a constant fluid pressure. A control -

{109) selectively connects a first chamber (100) of a
land to either the primary operational fluid pressure
P. or a reference fluid pressure Pg to develop a fluid
pressure P, in first chamber (100) while a second
chamber (102) is connected to the secondary oper-
ational fluid (Pg). A load (96) responds to a pressure
differential (P,-P¢y) by moving to either expand or
contract the second chamber (102) and produce a
CNIfluid pressure (Pgy) in the secondary operational
fluid. The fluid pressure Py is communicated to the
second piston (70) to correspondingly allow either
<} additional primary fiuid Pg) to flow to the secondary
P chamber (102) or release secondary operational fluid
w= until the secondary operational fluid pressure returns
=10 Pe,.
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A REGULATOR ARRANGEMENT FOR A SERVO SYSTEM

This invention relates to a regulator arrange-
ment for a servo system whereby secondary oper-
ational fluid is maintained at a substantially con-
stant fluid pressure by a throttling valve selectively
connected to either a primary operational fluid or a
reference fluid to either increase or lower the fluid
pressure in the servo system.

Pressure regulators such as disclosed in Unit-
ed States Patent 3,463,182 are designed to main-
tain a constant pressure drop across a valve ar-
rangement. This type regulator was designed for
use in space vehicles and operates under con-
ditions where the input operational fluid has a rela-
tively low fluid pressure.

Where higher fluid pressures are experienced,
a spring, as disclosed in United States Patent
3,920,040, is added to the valve arrangement to
assure that some minimum or maximum fluid pres-
sure is maintained in the system.

However, for some applications it is important
that the operational fluid be maintained at a sub-
stantially constant fluid pressure rather than within
a select high or select low range.

The regulator arrangement in the present in-
vention has a valve arrangement in which a feed-
back from a load is used to maintain a substantially
constant pressure drop across.a throttling valve. A
first piston responds fo a first stage fluid reduction
produced by a pressure differential acting on a first
diameter surface in opposition to a first spring to
produce a primarily operational fluid. A second
piston has first and second grooves separated by a
first land. A second spring acts on the second
piston and positions the first groove with respect to
a first seat to restrict the flow of the Primary fluid
through an entrance port and establish a secondary
operational fluid having a pressure P.. A controi
member responsive to an operational input selec-
tively communicates the primary operational fluid
or a reference fluid to a first chamber in a load
member to create a fluid pressure Px. A movable
wall in the load member separates the first cham-
ber from a second chamber connected to receive
the secondary operational fluid having a fluid pres-
sure Pg. A pressure differential (Px-P¢,) moves the
movable wall to produce a fluid pressure Pgy in the
second chamber., This fluid pressure Py is com-
municated to the second piston and acts thereon to
either allow additional primary operational fluid P,
to flow through the first groove or allow secondary
operational fluid to flow through the second groove
and return the fluid pressure of the secondary fluid
to Pq,.

It is an object of this invention to provide a
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servo system with a regulator arrangement where-
by secondary operational fluid is maintained at a
substantially constant fluid pressure.

It is a further object of this invention to provide
a regulator arrangement with a first stage piston
arrangement to produce primary operational fluid
and a second stage piston arrangement to produce
secondary operational fluid. A feedback from a load
member acts on the second stage piston arrange-
ment to add primary operationai fluid or release
secondary operational fluid from the second stage
piston to maintain the fluid pressure in the second
stage at a substantially constant fluid pressure.

An advantage of this invention occurs through
the use of a single valve which meters and throtlles
to regulate and maintain the fluid pressure of a
secondary operational fluid at a substantially con-
stant fluid pressure.

These advantages and objecis should be ap-
parent from reading this specification while viewing
the drawings wherein:

_ Figure 1 is a sectional view of the regulator
arrangement for a servo system made according to
the principles of the invention;

Figure 2 is a view of the regulator arrange-
ment showing the second valve in a position to
allow the release of fluid from the secondary sys-
tem; and

Figure 3 is a view of the reguiator arrange-
ment showing the second valve in a position to
allow additional fluid to be added to the secondary
system.

The servo system 10 shown in figure 1 in-
cludes a high pressure pump 12 which supplies
fluid to a metering valve, not shown for operating a
turbine engine, not shown. Many components in a
turbine fuel system are operated by a portion of
the output from high pressure pump 12. Since the
fuel requirement of turbine engine can vary as a
function of operator input it is necessary to include
a regulator arrangement 14 in the servo system 10
to provide for smooth operation of the components.

The regulator arrangement 14 includes a hous-
ing 16 having a first bore 18 and a second bore 20.
The first bore .o has supply port 22 connected fo
conduit 24 from Pump 12, an outlet port 26 and a
reference port 28. The second bore 20 has a
entrance port 32 connected to conduit 30 of the
coming from outlet port 26, a first reference port
34, and outlet port 36 connected to various compo-
nents in the servo system 10 of the turbine engine,
a bypass port 38 connected by conduit 40 to outlet
port 36, and a second reference port 42.

A first piston 44 located in bore 18 has a first
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diameter section 46 with a rib 48 that engages a
shoulder 50 and a second diameter 52 connected
by a stem 54. The stem 54 has a groove 56
located adjacent the second diameter section 52 to
form a variable area with an annular seat 60 of the
outlet port 26. A restricted orifice 62 connects the
outlet port 26 with operational chamber 64.

A spring 66 held in bore 18 by end cap 68 acts
on the first diameter 46 of piston 44 to urge rib 48
toward shoulder 50 and establish the size of the
opening from bore 18 into outlet port 26.

A second piston 70 located in bore 20 has a
large diameter section 72 which separates the ref-
erence port 34 from the outlet port 36, a first land
74 and a second land 76. A first groove 78 located
between the first land 74 and first diameter section
72 is matched with an annular seat 80 to establish
a variable area from the entrance port 32 into
chamber 82 in bore 20 while a second groove 84
located between the first land 74 and the second
land 76 is matched with an annular seat 86 to
establish a variable discharge area from bypass
port 38 into chamber 88. Chamber 88 is connected
to reference port 42 by a slot 90 in either the
second land 76 or bore 20. A spring 71 acts on the
face 73 of the large diameter 72 of piston 70 and
urges the second land 76 toward a stop 77. End
cap 69 holds spring 70 in bore 20.

Many components use the secondary oper-
ational fluid that is controlled by the regulator 14. A
typical component is illustrated by load member
92. Load member 92 has a housing 94 with a
piston 96 located in a bore 98 to define a movable
wall which separates a first chamber 100 from a
second chamber 102. Linkage 104 extends through
the housing 94 and provide an operational force for
moving a member (not shown). Conduit 106 con-
nects outlet port 36 with chamber 102 while cham-
ber 100 is connected to port 120 of a control
member 108 by conduit 108.

Control member 109 has a housing 110 with a
bore 112. Port 116 of bore 112 is connected to
conduit 30 by conduit 114 while port 118 is con-
nected to a reference fluid of housing 16. A sole-
noid 122 has a plunger 124 that is moved by an
operational signal to selectively connect either port
116 or 118 with the outlet port 120 to supply
chamber 100 with primary operational fluid or refer-
ence fluid.

MODE OF OPERATION OF THE INVENTION

When pump 12 is in operation, fluid is supplied
by conduit 11 to a fuel conirol system. A portion of
the supply fluid is diverted through conduit 24 to
the regulator arrangement 14. Initially spring 66
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holds the first piston 44 in the position shown in
figure 1 to establish the flow relationship between
the surface of groove 56 and seat 60. As fluid flows
from outlet port 26, the fluid pressure of the supply
fluid is reduced from Fs to P to define the primary
operational fluid.

The primary operational fluid is communicated
through orifice 62 into chamber 64 and acts on
face 53 of the second diameter 52. The reference
fluid in the body of housing 16 is communicated
through port 28 into chamber 28. The reference
fluid has a fluid pressure Pg. The pressure differen-
tial force derived from P, acting on face 53 of the
second diameter 52 Py acting on face 47 of the
first diameter 46 opposes the force of spring 66
and moves groove 56 with respect to seat 60 to
restrict the flow of primary operational fluid into
conduit 30.

Primary operational fluid in conduit 30 is com-
municated to various components including load
control member 109 and entrance port 32 of the
second stage of the regulator arrangement 14.

Initially spring 71 urges piston 70 toward stop
77 to allow the primary operational fluid to flow
from entrance port 32 to chamber 82 by way of
groove 78 and annular seat 80. The fluid pressure
in chamber 82 acts on face 75 and the first land 74
while the reference fluid pressure Pg acts on face
73 of the first diameter 72 and face 79 of the
second land 76 to oppose the force of spring 71
and position the groove 78 with respect to annular
seat 80. Spring 71 is selected such that the Pres-
sure P, of the fluid available at outlet port 36 is
about one half of the primary operational fluid.
When the fluid pressure of the secondary oper-
ational fluid is equal to about one half of the fluid
pressure P piston 70 is positioned as shown in
figure 1 and land 74 effectively prevents further
flow of the operational fluid through either entrance
port 32 or bypass port 38.

in response to an input signal, solenoid 122 of
plunger 124 is moved to either allow primary oper-
ational fluid P, or reference fluid Pg to flow into
chamber 100.

Figure 2 illustrates the operational conditions
present when the primary operational fluid P, is
communicated to chamber 100. The pressure dif-
ferential P,-P., across piston or movable wall 96
moves linkage 104 out housing 94 to compress the
fluid in chamber 102 and create a fluid pressure
Pux in the secondary operational fluid. The fluid
pressure P, is communicated through conduit 106
to chamber 82 and acts on face 75 to create a
corresponding pressure differential Pe.-Pgacross
the first diameter 72 of piston 70 and moves land
74 to open the bypass port 38 to allow secondary
operational fluid to flow to the reference port 42 by
way of groove 84 and seat 86. As the secondary
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operational fluid is released from chamber 88, the
fluid Pressure in chamber 82 is proportionally re-
duced and eventually returned to P, to maintain
the fluid pressure in the secondary operational fluid
at a substantially constant level.

Figure 3 illustrates the situation in the regulator
arrangement 14 when chamber 100 is connecied to
the reference fluid having a fluid pressure Pg. In
the situation, the fluid pressure in chamber 100 is
reduced to P, and the pressure differential across
the movable wall or piston 96 (P,-P,) causes the
linkage to be moved into housing 94. As the piston
96 moves toward chamber 100, the fluid pressure
in chamber 102 is reduced to a fluid pressure Pge.
This fluid pressure is communicated to chamber 82
by conduit 106. Since fluid pressure Pge is less
than fluid pressure Py, a pressure differential
across the first diameter 72 (P¢re-Pg) permits spring
71 to position land 74 and allow the primary oper-
ational fluid to flow into chamber 82 by way of
groove 78 and seat 80. The addition of the primary
operational fluid into chamber 82 returns the fluid
pressure of the secondary operational fluid to Pe, to
again position land 74 as shown in figure 1.

In the conclusion, the second stage of the
regulator arrangement 14 rapidly responds to
changes in the fluid pressure of the secondary fluid
to maintain the fluid pressure P, at a substantially
constant fluid pressure.

Claims

1. A regulator arrangement for supplying a
servo system with secondary operational fluid hav-
ing a substantially constant fluid pressure, compris-
ing:

a housing having a first bore and a second bore,
said first bore having a supply port connected to a
source of fluid having a fluid pressure Py and a
first outlet port, said second bore having an en-
trance port connected to said first outlet port and a
second outlet port connected to said servo system,
said first and second bores having first and second
reference ports connected to a reference fluid hav-
ing a fluid pressure P, and said second bore
having a bypass port connected to said second
outlet port;

first piston means located in said first bore having
a first diamster section for separating said supply
port from said first reference port and a second
diameter section for separating said supply port
from said first outlet port;

first resilient means opposing the movement of a
first pressure differential produced across said first
piston means to position a first surface on said
second diameter section with respect to a first seat
and thereby regulate the flow of the supply fluid
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through said first outlet port to produce primary
operational fluid having a fluid pressure Pg;

second piston means located in said second bore
having a third diameter section for separating said
outlet port from said second reference port, a first
groove between a first land and said third diameter
section and a second groove between the first land
and a second land;

a second resilient means for position said second
piston means to allow primary operational fluid to
flow through said enirance port to said second
outlet port by way of said first groove, said primary
operational fluid acting on said third diameter to
develop a second pressure differential to oppose
the movement of said second piston means by
said second resilient means to restrict the flow of
said primary operational fluid through said first
groove and create said secondary operational fluid
having a fluid pressure Py,

control means responsive to an operational signal
for selective connecting a control port with the
primary operational fluid and the reference fluid;
load means having a movable wall that separates a
first chamber from a second chamber, said first
chamber being connected to said conirol means
and said second chamber being connected to said
second outlet port, said control means responding
to an operational signal to selectively allow primary
operational fluid (P;) or reference fluid P, to flow
to said first chamber to establish a fluid pressure
Py therein and develop a pressure differential (Py-
P.) across the movable wall, said pressure dif-
ferential (Px-Pe) acting on said movable wall to
modify the fluid pressure P, in said second cham-
ber t0 P, said fluid pressure Py being commu-
nicated to said second bore to develop a cor-
responding pressure differential (Pn-Ps) across
said third diameter and allow said second resilient
means to either the first groove to a position which
allows addition primary operational fluid to flow
through the entrance port or the second groove to
a position which allows secondary operational fluid
to flow through the bypass valve until the fluid
pressure of the secondary operational fluid returns
to Pg.

2. The regulator arrangement as recited in
claim 1, wherein said first land effectively closes
both the entrance port and bypass port when the
pressure di¥srential (Pg-Pg) across the third diam-
eter of the second piston means is equal to the
force of said second resilient means.

3. The regulaior arrangement as recited in
claim 2 wherein said first pressure differential is
produced by the fluid pressure P; of the primary
operational fluid acts on a face of the first diameter
of the first piston means.

%3
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4. The regulator arrangement as recited in
claim 3 wherein said first piston means inciudes a
rib on said first diameter section that engages a
shoulder in said first bore to limit the movement of
said second diameter with respect to said first seat 5
and to establish the maximum flow through the first
outlet port.

5. The regulator arrangement as recited in
claim 4, wherein said second bore is connected to
said reference fluid by a second reference port 10
adjacent said second land, said bypass port being
connected to said second reference port through
said second groove as said first land moves to
open said bypass port.

6. The regulator arrangement as recited in 15
claim 5 wherein said first land closed said entrance
port to said second bore prior to opening of said
bypass port to assure that primary operational fluid
is not communicated to said second reference port.

7. The regulator arrangement as recited in 20
claim 6 wherein said second piston means further
includes:
stop means for engaging said third diameter to
limit the movement of the second piston by the
pressure differential (P.-Pg) to estabiish the maxi- 25
mum flow through the bypass valve.
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